Introduction
Measuring gas diffusion properties of fruit tissue has been proven difficult due to the available gas measurement techniques, the inherent biological variability of biological material as well as fast deterioration and respiration activity of cut tissue samples. Reported values for gas diffusivity in plant tissue frequently have a high variability and low accuracy. A diffusion setup was constructed for simultaneous measurement of O 2 and CO 2 diffusivities (Ho et al., 2004 -10 m 2 /s. However, variations on the diffusion set-up conditions such as the volume of the measurement chamber and thickness of the sample could lead to variation on the estimated diffusivity. The objective of this study was to optimize set-up design parameters to estimate diffusivity properties of pear tissue simultaneously and accurately using a sensitivity analysis.
Materials and methods
Estimation of diffusivities was done in a measurement setup consisting of two chambers separated by a disked shape tissue sample (Fig. 1) . The method involved measuring O 2 and CO 2 partial pressure profiles as a function of time in a small measurement chamber closed off from the environment with a tissue disk In the other control chamber the gas concentration was maintained constant by gas flushing. A model describing linear mass transfer according to Fick's Law of diffusion and taking into account tissue respiration activity was implemented using FemLab (Femlab 2.3, Comsol, Stockholm) . An iterative least squares estimation procedure written in MATLAB (The Mathworks, Inc., Natick, USA) was used to determine gas diffusivities of the pear tissues. The diffusivity and respiration parameters reported by Ho et al. (2004) were used to simulate O 2 and CO 2 partial pressure profiles in 16 measurement set-up conditions: tissue thicknesses (L) of 1 mm to 2.5 mm were combined with measurement chamber volumes (V) of 7.5 ml to 15 ml. The gas diffusivities D reest were re-estimated on the simulated profiles. The numerical values for the measurement volume and the tissue thickness can be determined with an accuracy better than 2%. Perturbing the 16 measurement set-up conditions by 2%, simulating the partial pressure profiles and re-estimating the diffusivity values resulted in deviations due to deviation of L (∆D L ) and due to deviation of V (∆D V ). A total coefficient of variation was defined as A response surface was fitted through the simulated points of the total relative variation.
Results and discussion
Typical measured and modeled partial pressure profiles in the measurement chamber as function of time are given in Fig. 2 . In Fig. 3 , the response surfaces of total coefficient of variation of O 2 diffusion in the tissue due to the bias, deviation of measurement chamber V and thickness of sample L were rather flat. Minimal values of the total coefficient of variation were 0.0198 for O 2 diffusivity (L = 2.5 mm; V= 10.58 ml) and 0.0225 for CO 2 diffusivity (L = 1.4 mm; V= 10.54 ml). Results showed that total coefficient of variations of O 2 and CO 2 diffusivity of the pear tissue were 0.02-0.023 and 0.0215-0.024, respectively when tissue thickness of the sample in the range of 1mm to 2mm and volume of measurement chamber in the range of 7.5 ml to 15 ml. The optimal volume of the measurement chamber was 10.5 ml while the thickness of sample was 2.5mm for O 2 diffusivity and 1.4 mm for CO 2 diffusivity. Since the magnitudes between the maximal and minimal values of total coefficient of variations were low (0.003 and 0.0025 for O 2 and CO 2 , respectively), value of L in the range of 1.4 mm to 2.5mm can be accepted for the optimal set-up.
Reported values for gas diffusivity in plant tissue frequently have a high variability due to variation of biological material (Ho et al., 2004) . -10 m 2 /s) were mainly due to biological variations of O 2 and CO 2 diffusivity of the tissue. Coefficient of variation due to measurement errors ranged between 0.02-0.023 and 0.0215-0.024 for O 2 and CO 2 diffusivity. These values were 8 times smaller than the biological variability. Conclusion O 2 and CO 2 diffusivities were determined simultaneously. The coefficient of variation of diffusivity of O 2 and CO 2 in pear tissue were 2-2.3% and 2.15-2.4% in the domain of 7.5-15 ml of measurement chamber volume and 1-2.5mm of tissue thickness. The variability due to the measurement errors was 8 times lower than the biological variability. 
